Attachment of M. pneumoniae to glass was quantitated in an experimental system enabling the settling down of [3H]palmitic acid-labeled cells onto glass cover slips. Attachment of mycoplasmas suspended in buffer increased with temperature, decreased with higher ionic strength, and showed a maximum at about pH 5.5. The findings suggest a participation ofionic bonds in the attachment process. Trypsin did not detach glass-bound mycoplasmas, and treatment of the cells with glutaraldehyde did not reduce their attachment to glass, suggesting that membrane components other than proteins may be involved in the attachment. Low concentrations (up to 20 mg/ml) of bovine serum albumin decreased attachment by more than 90%. Testing in growth medium resulted for the first 2 to 3 h in attachment values comparable to that in bovine serum albumin buffer. However, during the next few hours, attachment increased far above the bovine serum albumin control. This marked increase was reduced by more than half in the presence of chloramphenicol. Increased attachment was also observed when glucose (0.1 to 2 mg/ml) was added to the bovine serum albumin-containing buffer. The findings suggest different mechanisms for the attachment in proteinfree buffer and in growth medium or glucose-containing bovine serum albumin buffer, respectively. The latter apparently requires metabolic activity of the mycoplasmas.
Several Mycoplasma species, especially M. pneumoniae and other respiratory pathogens, attach firmly to inert surfaces such as glass and plastic (2, 6, 11, 12) . This property has been utilized for the concentration and preparation of relatively pure mycoplasma antigens (8, 11) . Little information is available so far about the mechanism(s) responsible for this kind ofattachment. The data of a recent study using M. gallisepticum (6) suggest the participation of electrostatic forces and nonproteinaceous cell surface components.
Most of the present data on mycoplasma attachment to inert surfaces come from qualitative studies. A quantitative approach using radioactively labeled mycoplasmas was first developed for M. gallisepticum (6) and was modified by us for the current study on M. pneumoniae. The results show that the interactions of this mycoplasma species with the glass surface differ in some respects from its interactions with the erythrocyte surface.
MATERIALS AND METHODS Mycoplasmas. M. pneumoniae strain FH cells were labeled during growth in Roux bottles in Hayflick medium (5), pH 7.8, supplemented with 250 MCi per liter of [3H]palmitic acid. After 48 h at 370C, when the pH of the medium had decreased to about 7, the mycoplasma sheets were washed four times with either tris(hydroxymethyl)aminomethane (Tris) buffer, pH 7.2 (3) or with medium and then harvested in Tris buffer or in medium resulting in about 200 to 400 ug of cell protein per ml. To obtain a more uniform suspension, the cells were dispersed by repeated pipetting and used immediately for the experiments. A 1-ug amount of cell protein consisted of approximately 1 x 107 colony-forming units (CFU) per ml.
The effect of the various substances on the morphology of the mycoplasmas was studied in cover slip chambers (2).
Chemicals. The following substances were used: trypsin from bovine pancreas (40 U/mg, twice crystallized; Serva, Heidelberg), soybean trypsin inhibitor, and bovine serum albumin (BSA; Serva); [9,10-n-3H]palmitic acid (specific activity, 500 mCi/mmol; Amersham Buchler, Braunschweig); Azocoll (Calbiochem, La Jolla, Calif.). Protein was determined by the method of Lowry et al. (7) , using crystalline BSA as standard.
Adherence assay. Circular microscope glass cover slips (12 mm diameter, Chance Propper Ltd., Smethwick, Warley, England) were placed in cups of Linbro multi-well plates (FB-16-24 TC; Flow Laboratories, Inc., Rockville, Md.), and 0.5 or 1.0 ml of the respective mycoplasma suspension was added per cup. The cells were then allowed to settle at 370C for a given time.
After incubation, the cover slips were gently rinsed twice by adding 1 ml of Tris buffer to the cup, removed from the cups, and dipped another three times into 30 ml of Tris buffer. The remaining buffer on the cover slips was carefully removed with filter paper. For counting of the radioactivity, the cover slips were transferred to 10 ml of scintillation liquor containing toluene, Triton X-100, 2,5-diphenyloxazol, and 1,4-bis-2-(5-phenyloxazolyl)-benzene (C. Roth, Karlsruhe, West Germany). Most of the tests were run in quadruplicate, and the mean value was calculated. The standard deviation ranged from ±2 to 2.8%.
Treatment with glutaraldehyde. The mycoplasmas were pretreated with 0.1% glutaraldehyde (30 min at 370C) and washed three times with Tris buffer. After fixation, the cells were incubated in 0. Treatment with antiserum. Antiserum against M. pneumoniae was prepared in rabbits as described previously (9) . The mycoplasmas were pretreated for 60 min at 370C with various dilutions (1:4 to 1:640) of the heat-inactivated antiserum and preimmunization serum, respectively. The cells were then washed twice with Tris buffer (5 min at 8,000 x g).
RESULTS
Attachment as a function of the concentration of mycoplasma cells. Increasing the amount of M. pneumoniae cells in the experimental system (up to a concentration of about 400 ,ug of cell protein per ml of Tris buffer) resulted in a linear increase in the amount of cells attached to the cover slips ( Fig. 1 ). At higher cell concentrations, attachment was less effective. Therefore, in all subsequent experiments a suspension of 200 to 400 ,ug of cell protein per ml of Tris buffer, pH 7.2, was used. If 1 ml of the mycoplasma suspension was added to the cups, about 1.5 to 2% of the radioactivity became attached to the glass. The ratio could be increased to 3 to 5% if only 0.5 ml was added to the cups. Therefore, in most experiments a volume of 0.5 ml was used for the attachment experiments.
Influence of time and temperature. Figure  2 shows the marked temperature dependence of the attachment process in Tris buffer after various periods of incubation at 0 and 370C. Maximum attachment of the mycoplasmas was obtained after 2 to 3 h of incubation. Consequently, Heated mycoplasmas (60 min at 600C) showed at 370C a reduced adherence capacity comparable with that of untreated cells at 00C.
Effect of pH and ionic strength. Variation of the pH between 4.0 and 9.5 resulted in maximum attachment at about pH 5.5 (Fig. 3) . Increasing salt concentrations caused a decrease in attachment (Fig. 4) . The tions (5.5 and 7.2) showed no effect on attachment.
Effect of trypsin. Pretreatment of M. pneumoniae suspensions with increasing concentrations of trypsin resulted in a continuous decrease in the attachment capacity of the cells if tested in buffer. The decrease, however, was also observed with cells treated with inactivated trypsin (Fig. 5) . Once attachment had taken place, trypsin (up to 100 ,ug/ml; 30 min at 370C) failed to detach the mycoplasmas from the glass.
Effect of anti-M. pneumoniae antiserum. The attachment process was strongly blocked by antiserum to M. pneumoniae (up to 1:80), whereas preimmunization serum showed only a slight effect at the lowest dilution applied (1:40) (Fig. 6) Effect of glucose and growth medium. Addition ofvarious amounts ofD-glucose to BSA buffer (Tris buffer with 10 mg of bovine serum albumin per ml) enhanced attachment significantly (Table 2) . Of other sugars, only D-ribose and 2-deoxy-D-ribose showed some effect (Table  3) . Continued incubation in glucose-containing buffer resulted in a decrease after about 5 h comparable to the characteristics of the curve in Fig. 7 .
[3H]palmitate-labeled mycoplasmas were allowed to settle at 370C in unlabeled growth medium instead of buffer. After a lag of 3 to 4 h of incubation, a considerable increase in the amount of glass-adherent cells was observed (Fig. 7) . Addition of chloramphenicol (10 ,ug/ml) (Fig. 7) . The pH of the medium did not change significantly during the experiment. To find out whether medium constituents adsorbed to the glass surface are involved in the attachment process, cover slips were incubated in growth medium for 2 h. After three washings with Tris buffer, the adherence test was performed with mycoplasmas suspended either in buffer or in BSA buffer. The results show that the pretreated cover slips did not affect the attachment rate of buffer-suspended mycoplasmas; however, the normally reducing effect of BSA buffer was also abolished (Table 4) . Our results with pretreated cover slips show some effect at least with organisms attaching in BSA buffer. However, it cannot be concluded from the present data whether the cells attach directly to the glass or through a mediating material. Considering both types of attachment described here, the adherence in buffer is distinctly different from the interaction observed between mycoplasmas and sheep erythrocytes (SE) (3). The adherence of SE is not affected by pH variations and the addition of BSA, but is abolished by glutaraldehyde fixation or by trypsin treatment of the mycoplasmas. Such a clear differentiation can for the moment not be made between SE adherence and glass attachment in growth medium. The interaction of growing or metabolically active cells and glass is apparently not inhibited by serum protein. Other factors, e.g., trypsin are, so far, more difficult to examine because of the serum content of the growth medium. The related characteristics of erythrocytes and protein-coated latex particles in qualitative adherence tests (4) suggest that a similar or identical substance or mechanism of the mycoplasma may operate in both erythrocyte adherence and interaction with protein-covered inert surfaces. But there are no data supporting this or other suggestions. Further experiments will have to provide more details about both types of mycoplasma adherence before identical or different mechanisms can be recognized. 
